The acquisition and maintenance of individual competency is a critical component of effective emergency care systems. This article summarizes consensus working group deliberations and recommendations focusing on the topic "Simulation-based education to ensure provider competency within the healthcare system." The authors presented this work for discussion and feedback at the 2017 Academic Emergency Medicine Consensus Conference on "Catalyzing System Change Through Healthcare Simulation: Systems, Competency, and Outcomes," held on May 16, 2017, in Orlando, Florida. Although simulation-based training is a quality and safety imperative in other high-reliability professions such as aviation, nuclear power, and the military, health care professions still lag behind in applying simulation more broadly. This is likely a result of a number of factors, including cost, assessment challenges, and resistance to change. This consensus subgroup focused on identifying current gaps in knowledge and process related to the use of simulation for developing, enhancing, and maintaining individual provider competency. The resulting product is a research agenda informed by expert consensus and literature review.
INTRODUCTION
Medical training and continuous professional development curricula are designed to ensure that clinicians are competent in all essential domains 1 . Yet, the definition and measurement of proficiency as part of "competency-based medical education" (CBME) has sparked substantial conversation in the health care education community. Within the consensus group itself, two distinct yet complementary approaches to "ensuring competency" emerged: 1) the systemwide adoption of simulation-based training methods to improve patient care and/or outcome(s) and 2) the systemwide adoption of simulation-based performance measures designed to assess and benchmark provider performance. In this summary of deliberations, we explore both concepts, the former in the context of translational outcomes research and the latter in the context of the science of performance assessment.
Competency-based medical education as described by Holmboe et al. 2 requires careful attention to assessment processes that are relatively continuous and frequent, criterion-based, and developmental; that use assessment methods and tools that meet minimum requirements for quality; that employ both quantitative and qualitative measures and methods; and involve collective judgments about developmental progress. The use of simulation to support CBME allows health care providers the opportunity to practice a full range of clinical skills without any risk to patients, in ways that can be customized for individualized learning and developmental progression and in settings that can be standardized and studied over time.
Simulation-based educational platforms to train and assess clinical providers are particularly relevant in dynamic systems such as emergency departments (EDs), where tasks are often infrequent and complex and the consequences of sub-standard performance can be lifethreatening. 3 Yet, as noted by Ziv et al., 4 health care has lagged behind other high-reliability professions, such as aviation, nuclear power, and the military, in the use of simulation to maximize training, enhance safety, and minimize risk. Although the use of simulation-based applications for training and assessment has grown, its full application may not yet be attained for a number of reasons, including cost, resistance to change, and measurement challenges. The purpose of the consensus group was to identify critical gaps in knowledge and process that limit our ability to fully leverage SBME as part of the national shift toward CBME.
Proposition 1: Simulation-based medical research and CBME should be informed by translational science research framework (Table 1 ) Several researchers and organizations have proposed and adopted a translational research model of SBME. [5] [6] [7] [8] [9] [10] Briefly, simulation-based translational research considers research outcomes across three levels: performance (or learning) in the simulated environment (T 1 ); patient care processes in the clinical environment (T 2 ); and patient, system, or populationbased outcomes (T 3 ). Demonstration of impact across all levels requires the development of a rigorous research platform that both defines a "criterion standard" or reasonable benchmark of quality performance and also categorizes meaningful outcome measures to assess the impact of that performance 11 (Table 1) . In EM, there are multiple procedure-based tasks that fit the description of "complicated procedure (s)" 31 akin to CVC insertion, for which the process of a translational research approach could be adopted. However, EM and critical care are dynamic, multifactorial practices in which cognitive, procedural, and communication skills are simultaneously applied in a team environment. Proper training of individuals to a high level of performance and the accurate assessment of performance within such a dynamic setting is challenging. Training and assessment of individual performance in such a multidimensional setting focuses not on an isolated element, but on complex care process for which evaluation metrics are presently less well-defined (e.g., the system and environmental impact while managing the altered patient, leading a team resuscitation, or navigating challenging patient-family communication). In replicating a more complex practice environment, simulation educators and researchers who study individual performance attempt to isolate the performance of a single provider who is inherently subject to multiple dynamic variables.
When teaching and evaluating more multifaceted skills such as resuscitation leadership in the clinical environment, researchers must consider the target of training (e.g., individual, team), the complexity of the patient, the skills and performance of team members, and the immediate ED environment. Issues related to level(s) of analysis for individuals, teams, and systems persist within the literature and present a particular challenge for simulation-based translational research. [31] [32] [33] The identification of appropriate outcome measures for "effective provider communication" in EM, for example, is challenging not only because the construct itself is subject to interpretation, but also because commonly collected proxy measures like patient satisfaction scores often cannot reliably represent the communication skill of any one individual provider. For these more complex processes, the development of reliable and valid measures that define competency, the ability to extract performance data of the individual within the clinical environment, and the identification of meaningful patient-level outcomes are necessary.
Research focus 1: What domains of performance among emergency providers have the greatest impact on high-value translational outcomes, and how can they be reliably identified and studied? When training and evaluating complex skill performance, research is limited by the need to identify a criterion standard or reasonable benchmark of quality performance then translate defined standards into robust measurement systems; reliably and accurately capture individual performance in the clinical environment; and reliably link performance with relevant outcomes within a multidimensional system of emergency care. Much of the research published to date at the T 1 level has been conducted on novice learners, and many early studies compared SBME to no training at all. 34 An important factor to consider in the leap from T 1 to higher-level translational outcomes is the multifaceted complexity of care that blends procedural, cognitive, and communication skill among individuals and teams. For instance, is the clinical outcome of interest in a cardiac resuscitation case attributed to the excellent teamwork and communication or to the individual knowledge and leadership skill? In this complex clinical setting, how do varying levels of team dynamics, cognitive load impact, or medical decision-making processes impact individual performance and outcome(s)? Understanding the effect of such variability on individual performance in complex environments is an important priority in next-generation simulation research.
Proposition 2: T 1 Simulation-based outcome research remains critical in understanding the potential of SBME; advanced patient outcomes analysis must be synergistic with meaningful "basic science" in medical education research Simulation offers the opportunity to assess performance at a highly granular level that is simply not possible in the current clinical environment. While the model of translational science is essential in clarifying the value proposition for SBME, the simulation lab, T 1 environment, remains a key investigational setting. Study protocols can be staged to replicate the live clinical environment. Such work is in fact a necessary precursor to advanced translational outcomes study, particularly as investigators explore the varied impact that cognitive, motivational, and affective elements may have on provider competency. In related fields like patient safety, experts agree that study designs targeting key process measures as marker of quality care are useful in understanding and refining best practices as part of a comprehensive outcomes research agenda. 35 Research focus 2: What strategies in translating SBME to improved patient outcomes are most effective in creating a sustainable cycle of lab-to-bedside impact? Prior to 2007, there was limited evidence that SBME had higher-level T 2 and T 3 translational outcomes. 36 It is now largely accepted that SBME has begun to produce downstream outcomes at the T 2 and T 3 translational science research (TSR) levels (see Figure 1) . 12, 14, 20, In addition to the success of procedural domains like CVC 12, 14, 19, 20, 23, [28] [29] [30] , studies have begun to show improvement in other procedures 38, [43] [44] [45] 47, 50 , survival after pediatric cardiopulmonary arrest, 37, 46, 54, 55 improved perinatal outcomes in labor and delivery, 41, 42, 51 improved trauma care, 40, 48, 49, 53 and improved patient care handoffs/transitions of care. 39, 52, 57, 58 However, the methodology of SBME studies at the T 2 and T 3 levels is pointedly more complex and few studies have published methodology that can be easily replicated and reproduced at different health care systems, thus limiting the generalizability of these studies. 59 Transparent reporting of research allows readers to clearly identify and understand "what was planned, what was done, what was found, and what conclusions were drawn." 60 Recently simulation educators and leaders have published guidelines for SBME studies. These guidelines propose that researchers clearly elucidate methodology within SBME and CBME studies so that understanding, replication of work, and generalizability may be improved. Further work should include investigation to understand what strategies have been successful and effective in SBME that lead to improved clinical care.
Research focus 3: What specific skills, practices, or clinical situations are priorities for simulation-based competency development, maintenance, and assessment in EM? A significant focus of the Accreditation Council of Graduate Medical Education (ACGME) has been to ensure competency as a public trust. A fundamental tenet of CBME holds that learning should be individually tailored to match inherent variation in learner progression. On a systems level, the challenge of determining competency across a diverse population of practitioners is significant and raises fundamental research questions about how to define and improve upon marginal performance. 61, 62 In fact, the identification and remediation of marginal performance is a significant issue in CBME and is worthy of future study.
Useful strategies to ensure that learners across the continuum reach acceptable levels of competency and proficiency include simulation-based deliberate practice and mastery learning. Given that SBME is often considered a more resource-intensive educational approach, careful consideration should be given to what kind of training and assessment could have the highest impact on patient care. Should every emergency physician be trained on the newest difficult airway adjuncts with expert feedback in the simulation lab? At what frequency and under whose supervision? How do you effectively remediate marginal performance? More broadly, of the full range of practice elements in EM, which should be routinely assessed and/or refreshed? An opportunity exists for simulation educators to collaborate with patient safety experts to identify high-priority training targets for EM.
Proposition 3: Despite guidelines and conceptual models of validity testing in simulation, defining and deploying consensus measurement frameworks is challenging and remains a significant barrier to simulation-based research and competency assessment Much of the EM work on assessment work has focused on the nature of the assessment instrument Adherence to ACLS protocol Figure 1 . SBME studies relevant to the practice of EM that report clinical translational outcomes at the T 2 or T 3 level. ACLS = Advanced Cardiac Life Support; AF = study author supported; CRBSI = catheter-related blood stream infection; CVC = central venous catheter; EM = emergency medicine; EMS = Emergency Medical Services; IM = internal medicine; KSA = knowledge skill or attitude; LP = lumbar puncture; OB = obstetrics; OBGYN = obstetrics and gynecology; PEDS = pediatrics; Resus = resuscitation; NR = Not reported; SBME = simulation-based medical education; T1 = indicates impact limited to the simulation laboratory; T2 = patient care processes or practice; T3 = patient outcomes, collateral effects such as cost or other value; ─ = study reported no funding was received. *outcome without improvement.
C V C L P A IR W A Y S K IL L S C O M M U N IC A T IO N / T E A M T R A IN IN G A C L S P E D S R E S U S T R A U M A R E S U S O B R E S U S F U N D E D
itself. Initial validity data are often limited to expert consensus and/or supported by simple comparisons of the performances of more-and less-experienced practitioners. Newer literature has focused on frameworks, such as that developed by Kane 63 and others, 64 can be used to characterize and inform the collection of validity evidence. Validity in assessment requires that inferences based on the assessment scores are reasonable. In Kane's model, these inferences, which are not focused specifically on the qualities of the assessment instrument, can be supported by evidence related to scoring (e.g., standardization of the conditions for assessment administration, well-constructed scoring instruments); generalization (e.g., reliability, precision of ability estimates); extrapolation (e.g., does performance in the simulation environment translate to realworld performance or do more advanced practitioners obtain higher score?); and implications and decisions (e.g., are competency decisions supported or is there a positive consequential impact of administering the assessment?). 65 Gathering evidence to support the validity argument is a continuous process. As more evidence is gathered, we can have more faith that assessment scores reflect the ability, or construct, of interest. It is also important to note that validity is not a property of the assessment. Rather, it is a property of the inferences that we make based on the scores. Therefore, validity evidence that is gathered in one setting, or with one group of practitioners, may not be applicable to other settings or groups of providers. As we work to define appropriate constructs or criterion standards that can be measured as part of SBME, adopting an argument-based approach to collecting validity evidence will allow for the identification of areas (e.g., extrapolation evidence) where additional research is necessary.
Research focus 4: What are the next steps to improve the iterative development of assessment programs in EM that balance rigor with usability? How can the EM community enhance collaborative approaches to assessment that avoid "reinventing the wheel" with a new tool or assessment approach by each group? How can we develop a standardized consensus process to develop assessment tools that are informed by experience in other fields (such as aviation)? More than ever, there are rich opportunities for medical educators, researchers, safety and quality experts, and health care system leaders to work more closely together to improve health care. The adaptation of a "learning health care system" model as defined by the Institute of Medicine 66 would enhance collaborative efforts to share data and insights across boundaries and help drive better, more efficient medical practice and patient care.
CONCLUSIONS
Medical error has recently been described in the literature as the third leading cause of death in the United States. 67 Although this statement is controversial and medical error is a multifactorial process, individual provider competency is an important component of health care system-based safety. As described here, a significant body of translational research has begun to show how simulation-based medical education and competency-based medical education can improve patient care and outcomes. The core lesson from early efforts to implement competency-based medical education is the realization that it is not, and should not be, a uniform or static ideology. Rather, it is an amalgam of principles and approaches that must constantly evolve to meet a primary aim: to achieve better health and health care for all through more effective medical education. 68 Simulation-based medical education is a powerful educational modality to implement competency-based medical education strategies, and focused research in the field will continue to advance systemwide safety and efficiency in health care.
